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^ : Abstract 

I ■ The static three-quark(3Q) potential is investigated in the SU(3) lattice QCD at the quenched 

^ ■ level, using the standard Wilson action with /3 = 5.7(a ~ 0.2fm) and 12^ x 24. With the 

. 3Q Wilson loop, the ground-state 3Q potential Vsq is calculated for 16 patterns of the 3Q 

O i configuration, using the smearing technique, which enhances the ground-state overlap of the 

I 3Q operator. With the accuracy better than a few %, the lattice QCD data for Vsq are well 

■ described by a sum of the Coulomb term, a constant and the linear term which is propor- 

^ ■ tional to the minimal length L^i^ of the flux-tube linking the 3 quarks. Our results seem to 

. support the Y-type flux picture rather than A-type one. From the comparison of V3Q with 

I ! the Q-Q potential, we find the universality of the string tension, a^q ^ ctqq as well as the 

Q I OGE relation on the Coulomb coefficient, A^q ~ ^Aqq. 
^ ■ 



1 Theoretical Consideration 

H , 

. 5r ! In this paper, we study the 3Q potential V3Q in the SU(3) lattice QCD. In the inter- 
quark potential, the short- distance behavior is described with the one-gluon-exchange (OGE) 
Coulomb potential originating from P-QCD, and the long-distance behavior seems character- 
ized by the fiux-tube picture, which is derived from the strong-coupling QCD. For instance, 
the quark- ant iquark (QQ) static potential is well described as 

^QQ = -^+W + ^QQ- (1) 

In SU(3) QCD, there appears the 'junction' combining three flux tubes in the baryonic 
3Q system, so that the Y-type flux formation is expected. Then, the 3Q potential V3Q is 
conjectured to be described as 



V3Q — — X! I ^ _ ^1 + 0"3Q-^min + CsQ, 
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where Lmin denotes the minimal length of the flux tube linking the 3 quarks. 

2 Numerical Results 

We investigate the 3Q potential V3Q using the 3Q Wilson loop in the SU(3) lattice QCD 
simulation. Here, the standard Wilson action is used with j3 = 5.7 (a ~ 0.2 fm) on 12^ x 24 
lattice at the quenched level. To enhance the ground-state overlap of the 3Q operator, the 
smearing technique is applied on the spatial link variables. After the smearing, more than 
80% ground-state overlap is achieved. 

We show in Fig.l the numerical result on V3Q for 16 patterns of the 3Q conflguration, 
where 3 quarks are located at {i, 0, 0), (0, j, 0), (0, 0, k) in R'^. With the accuracy better than 
a few %, the 3Q potential is well reproduced by Eq.© with the parameters in Table 1. (As 

a comparison, we try to fit V3Q with — J2i<j T^~^\ + o'sqL^ + C^q with the perimeter La- 
In this A-type fit, x^/^df is more than 10.9, which seems too large to be acceptable.) 

w p=5.7, 1 2'*24, 21 conf, quenched 

*3Q 



Fig.l : 

3 quark potential V3Q as the 
function of -Lmin? the mini- 
mal length of fiux linking 3 
quarks, in the lattice unit. 
Apart from a constant, V3Q 
is almost proportional to Lmin 
in the infrared region. 



Table 1: 

The Coulomb coefficient, the 
string tension and the con- 
stant term for QQ and 3Q po- 
tentials in the lattice unit. 

Next, we compare the 3Q potential with the QQ potential in terms of the fit parameters 
(^3Q,cr3Q,C'3Q) and (v4QQ,crQQ,CQQ) as shown in Table 1. 

• We find the OGE relation on the Coulomb coefficient as A^q ^ |^qq- 

• The universality of the string tension is found as a^q ~ ctqq- 

To conclude, the lattice QCD data for V3Q are well reproduced by Eq.(jH). 
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